A capillary procedure for quantitatively determining M protein is described. Capillaries were filled with measured amounts of serum and streptococcal extract. The capillaries were incubated, and then centrifuged to pack the precipitates. The relative sizes of the precipates were compared by a determination of the weights of their paper images (obtained by reflection from a microscope). Meaningful dilution curves were determined by this method. Variations of pH from 6 to 8 with a small piece of rubber tubing, and a glass bead was inserted to close off the open end. A small hole was pierced in the rubber tubing with a 20-gauge needle. One end of a capillary was fitted into the hole in the rubber tubing. The capillary was filled, in order, with the serum, antigen, and buffer solution by counterclockwise turns of the vernier of the syringe. The amount of each reagent taken up could be measured quite accurately. The accuracy of the syringe was checked by the weighing of capillaries before and after they were filled with 0.01 ml of water. Weights did not vary by more than 2%. One volumetric unit on the syringe equaled 0.001 ml of fluid.
A capillary procedure for quantitatively determining M protein is described. Capillaries were filled with measured amounts of serum and streptococcal extract. The capillaries were incubated, and then centrifuged to pack the precipitates. The relative sizes of the precipates were compared by a determination of the weights of their paper images (obtained by reflection from a microscope). Meaningful dilution curves were determined by this method. Variations of pH from 6 to 8 had little effect on the M protein precipitin test, and the test was not seriously affected by variations of the NaCl concentration from 0.85 to 4.67%. The addition of divalent ions (Ca++ and Mg++) did not influence the results. This test can be used to make quantitative comparisons of M protein preparations and to titrate type-specific antisera.
In 1928, Lancefield reported the type-specific reaction of adsorbed antiserum with acid extracts of group A streptococci (4) . The To remove the capillaries from their attachment to the syringe, the left thumb was placed on the bottom of the capillary and the capillary was gently removed from the hole in the rubber tubing with the right hand. The right index finger was then placed over the open tip of the capillary. The capillary was inverted, and pressure of the index finger was eased to allow the column of fluid to move to the center of the capillary. The capillary was then pressed down into the plasticine of the typing rack.
Capillaries were incubated for 2 hr at 37 C, and then for 41 to 44 hr at 4 to 6 C. After incubation, the capillaries were removed from the plasticine and placed inside rubber adapters in 40-ml centrifuge cups. The capillaries were centrifuged for 20 min at 2,400 rev/min in an International centrifuge (model CS, head 240). Centrifugation caused the precipitate to pack tightly against the plasticine plug. After centrifugation, the capillaries were placed on a 50 X 75 mm slide. The open-end half of each capillary was broken off and discarded. The halves with the plasticine and precipitate were taped to the slide in groups of five or six with masking tape. The slide was placed on the stage of a trinocular microscope. The image of each capillary was projected through the 10 X objective, then through the photographic tube of the microscope. The image was projected through a 15 X ocular lens and then through a prism to a screen which was 11.4 cm from the prism. The bThe overall mean was 0.21299 g. c The maximal range was 0.18935 to 0.24190 g. supernatant fluid was carefully decanted from each tube into a 12-ml graduated centrifuge tube by use of a capillary pipette to give near-quantitative transfer. Each extract was neutralized with 0.22 to 0.23 ml of 0.2 N NaOH. The tubes were then centrifuged for 20 min at 2,200 rev/min. The clear supernatant fluids were used for subsequent tests.
Replication of the five extracts was tested by the capillary precipitin test; this involved the drawing up of 0.008 ml of serum and 0.008 ml of extract into each capillary (Table 1) . Although there was variation in each group of six assay capillaries, the averages for each group of capillaries are quite close to one another. Thus, five or six capillaries should be set up for each sample to obtain representative averages.
An analysis of variance was performed to assess the variation among and within extracts. Compared to the variation within extracts, the variation among extracts was not statistically significant. That is, the mean values for replicate extracts of the same culture were not significantly different. The coefficient of variation (standard deviation/overall mean) was 5.6%.
In Fig. 1 ( Fig. 2 and 3) . Figure 2 is a semilogarithmic plot. The various curves appear to be approximately parallel to each other, as indicated by the "eyefitted" straight lines. Equivalent concentrations of antigen tend to agree in image weights from one curve to another. For instance, 0.004 ml on the 1/6 curve equals 0.0024 ml of the 1/3 curve. This figure suggests that the shape of the curves with the same serum is independent of antigen concentration for a given type 1 M antigen. Values for the 0.008-ml concentration in the full-strength curve were lower than that for the 0.006-ml reading. This is seen best in the arithmetic plot in Fig. 3 . The decrease in antigen precipitated at 0.008 ml of antigen as compared with 0.006 ml suggests that antigen excess was reached with the more concentrated antigens at the 0.008-ml level.
Samples (1 ml) of the Fourth Standard antigen were adjusted to pH values of 6.0, 6.5, 7.0, 7.4, and 8.0 by dialysis for 4 hr against 0.01 M potassium phosphate buffer which contained 0.85% NaCl. After dialysis, the volumes were adjusted to be equivalent. Precipitation curves were determined for the extracts of different pH values (Fig.  4) . Useful dilution curves were obtained at all the pH values tested, and the variations may be within the range of experimental error. The curves for pH 7.0 and 8.0 appeared to flatten out slightly for 0.006-and 0.008-ml levels. The optimal pH appeared to be 7.4. Here, the curve was elongated, with more separation between the various points.
Another dialysis experiment was run with various NaCl concentrations. Samples of 0.9 ml were dialyzed for 4.25 hr against 4.25% NaCl, 8.5% NaCl, and 12% NaCl in 0.01 M potassium phosphate buffer (pH 7.4). The final concentrations are lower because of the 0.008 ml of serum in each capillary. In those capillaries with less than 0.008 ml of antigen, the fluid was brought up to volume with the appropriate buffered salt solution (Fig. 5) . There was little practical difference between the salt concentrations tested except at the 6.42% level, where the curve became completely flat between 0.006 and 0.008 ml of antigen. The capillary M typing test was not affected significantly by variations in the salt concentration from 0.85 to 4.67%.
Two 0.9-ml samples of the Fourth Standard type 1 extract were dialyzed against 0.02 M MgC12 and 0.02 M CaC12, respectively. The solutions also contained 0.85% NaCl and 0.01 M tris(hydroxymethyl)aminomethane (Tris buffer; pH 7.4). There was no difference between the MgCl2 and CaCl2 curves, and these divalent ions did not affect the M protein precipitation test (Fig. 6 ). Another lot of type 1 serum, lot 1-C-4, was tested by the quantitative precipitin test for its activity against the Fourth Standard extract. Two sets of dilutions were used. In the first set, amounts of serum from 0.001 to 0.008 ml were tested with 0.008 ml of the Fourth Standard extract. In the second set, the serum was kept constant at 0.008 ml, while amounts from 0.001 to 0.008 ml of Fourth Standard extract were tested. The diluent was phosphate-buffered (pH 7.4) 0.85% saline (Fig. 7) . The reaction of lot 1-C-4 serum with the Fourth Standard antigen resulted in much less precipitate than that observed with type 1 lot 4 serum. The proportionate differences are greatest at the 0.001-and 0.002-ml levels. The results indicate that a weaker serum will precipitate less from an extract, and that the difference is most pronounced with weak antigens.
In Fig. 7 
